The most appropriate cisplatin treatment schedule delivered with radiotherapy in patients with head and neck squamous cell carcinoma (HNSCC) is unknown. The aim of this study was to compare the acute toxicity and its impact on the course of the treatment, administered cisplatin and radiation doses, the length of hospitalization and supportive drugs administration in patients with HNSCC receiving 2 different cisplatin treatment schedules administered with radiotherapy.
Introduction
Head and neck squamous cell carcinoma (HNSCC) represent little more than 5% of all registered malignant tumors in Poland (about 7% among men and 1% among women). In the last years there have been about 6600 new cases and 4200 yearly deaths from HNSCC in Poland. [1] According to 2 meta-analysis concurrent chemoradiotherapy (CRT) for HNSCC improves local tumor control and overall survival. [2, 3] The addition of chemotherapy to radiotherapy resulted in 6.5% survival benefit in 5 years in patients with HNSCC. [2] Concurrent CRT is the standard treatment for locally and/or regionally advanced (stage III-IV) HNSCC, in a definitive radical upfront setting or after surgical resection in patients with high-risk features in the pathology specimen. [4] Cisplatin administered at a dose of 100 mg/m 2 every 3 weeks is the most commonly used chemotherapy schedule in combination with radiotherapy due to highest evidence of clinical benefit. However, only 50% to 60% of patients were able to receive complete 3 planned cycles of 100 mg/m 2 cisplatin, because of poor tolerability and severe adverse effects. [5, 6] In order to reduce the toxicity and improve treatment compliance, alternative schedules including low-dose cisplatin have been used. [7] [8] [9] [10] [11] Weekly cisplatin administered at a dose of 35 to 40 mg/m 2 is used in some institutions for patients unfit for 100 mg/m 2 cisplatin every 3 weeks or for patients preferring to receive the treatment in an outpatient setting.
Despite the routine use of 100 mg/m 2 cisplatin 3-weekly, the optimal dose and timing of cisplatin administration in various chemotherapy protocols have not been elucidated.
The aim of this retrospective analysis was to compare the acute treatment toxicity and its impact on the course of therapy, administered cisplatin and radiation doses, length of hospitalization and supportive drugs administration in patients with HNSCC receiving weekly or 3-weekly cisplatin concurrently with intensity-modulated radiotherapy (IMRT) in a definitive radical upfront setting or after surgical resection in patients with high-risk features in pathology specimen.
Patients and methods

Data collection
In this retrospective analysis 104 patients with HNSCC were enrolled. The treatment was carried out between September 2013 and September 2014. Radiotherapy was performed in the Department of Radiotherapy in Greater Poland Cancer Center located in Poznan. Chemotherapy was administered in the Department of Medical Oncology in Malgorzata Medical Center in Srem, Serbia. All of the patients underwent a routine staging procedure consisting of physical examination, chest x-ray, computed tomography (CT), magnetic resonance imaging (MRI) or positron emission tomography-computed tomography (PET-CT) scan. Routine laboratory tests such as complete blood count (CBC) and chemistry were performed.
Medical charts were reviewed systematically considering demographics and clinical characteristics including age, sex, gender, weight, body surface area, performance status, comorbidities, stage of the disease and tumor location. Stage was defined based on the American Joint Committee on Cancer (AJCC) TNM version 7 classification. Performance status was evaluated using the Eastern Cooperative Oncology Group (ECOG) scale. Patients with unresectable, locally, and/or regionally advanced disease received radical chemoradiotherapy upfront. Patients after surgical resection for high risk HNSCC received chemoradiotherapy as an adjuvant therapy. Patients with bulky disease received neoadjuvant chemotherapy prior to radical chemoradiotherapy. This retrospective study according to Polish law does not require bioethics committee consent.
Chemotherapy
Fifty patients were treated with 100 mg/m 2 cisplatin administered 3-weekly (days 1, 22, 43) during radiotherapy. The total planned dose of cisplatin was 300 mg/m 2 . Patients received hydration preand post cisplatin administration with 1 L of 0.9% NaCl plus 100 mL of 20% mannitol given before chemotherapy.
Fifty-four patients were treated with weekly 35 mg/m 2 or 40 mg/m 2 cisplatin (days 1, 8, 15, 22, 29, 36 ) during radiotherapy. The total planned dose of cisplatin was 210 to 240 mg/m 2 . Hydration of 1 L 0.9% NaCl was given pre-and postchemotherapy. Additionally, 100 mL of 20% mannitol was given before cisplatin administration.
Neoadjuvant chemotherapy with docetaxel, cisplatin and 5-fluorouracyl (TPF) or cisplatin and 5-fluorouracyl (PF) were administered in 6 patients prior to chemoradiotherapy. Patients unfit for TPF received PF schedule. One patient in the group treated with 100 mg/m 2 cisplatin received induction chemotherapy with TPF. In the group receiving 35/40 mg/m 2 cisplatin, 1 patient received TPF and 4 patients PF schedule.
Radiotherapy
All patients received radiotherapy given via an IMRT technique. Radiotherapy was performed with conventional fractionation with a sequential boost. The total planned dose administered to the planning target volume (PTV) in nonresected tumor receiving radiotherapy upfront was 70 Gy. Patients treated in the adjuvant setting received maximum 66 Gy. Radiotherapy was performed 5 days a week.
Supportive medications
In case of coexistent bacterial infection especially in the mucosa of irradiated region, or febrile neutropenia, antibiotics and/or antifungal drugs were administered empirically or according to the specimen culture. Antibiotics used in the study: amoxicillin and clavulanic acid (orally-po, intravenous-iv), meropenem (iv), imipenem (iv), ceftriaxone (iv), amikacin (iv), vancomycin (iv), ciprofloxacin (po, iv), cefepime (iv). Antifungal drugs: nystatin (topical), fluconazole (po, iv). In case of severe pain, opioids such as tramadol (po), oxycodone (po), morphine (po, subcutaneous -sc), buprenorphine (transdermal-td), or fentanyl (td) were used.
Toxicity assessment
Treatment-related adverse effects were assessed using National Cancer Institute Common Toxicity Criteria (NCI-CTC) version 4.
Statistical analysis
The comparison of interval data was performed using t-student test. The assumption whether data follows normal distribution was checked using Shapiro-Wilks test. The homogeneity of variances was checked with the use of Levene's test. In case data did not follow a normal distribution, non-parametric MannWhitney test was used as an alternative. Nominal data were compared by chi-square test of independence. The percentages of particular events between group A and group B were compared by test of proportions.
Statistical analysis was performed with Statistica 12 (Statsoft, Inc.) software.
All tests were considered significant when P < .05.
Results
Patients characteristics
The patients' clinical and demographic characteristics are summarized in Table 1 . Fifty patients were treated with 100 mg/m 2 cisplatin 3-weekly concurrently with radiotherapy (group A). Fifty-four patients received radiotherapy and 35 or 40 mg/m 2 cisplatin weekly (group B). The treatment groups were equally distributed. No significant difference in age, gender, chronic diseases, ECOG performance status, history of cigarette smoking, stage, and localization of primary site were observed between the study arms.
Course of the treatment
Most of the patients were treated with radical chemoradiotherapy upfront (71.1%). Adjuvant chemoradiotherapy after surgical resection was performed in 28.8% of patients. Induction chemotherapy prior to definitive chemoradiotherapy was administered in 5.7% of patients (Table 2 ).
All patient included in the study were hospitalized from the first day of chemoradiotherapy. The median treatment duration was identical in both studied groups amounted to 46 days (15-56 days). The median duration of hospitalization was independent of cisplatin schedule and was equal to 47 days (16-78 days) in both treatment arms.
Cisplatin and radiotherapy doses
Only in 30% of patients treated with cisplatin 100 mg/m 2 3-weekly group who received 3 planned cycles of chemotherapy, dose reduction was necessary in 16% of patients due to adverse events. On the other hand, in the group receiving cisplatin 35/40 mg weekly, 25.9% patients received 6 planned treatment cycles, while dose reduction was performed in 9% of patients. The median dose received in the group treated with cisplatin 100 mg/ m 2 ) in those treated with cisplatin 35/40 mg weekly. There was no difference in median and mean dose of radiotherapy delivered in both study arms in patients treated in the definitive and adjuvant setting ( Table 2) . The postponement of radiotherapy due to adverse effects was significantly more frequent in patients treated with 35/40 mg/m 
Toxicity
Treatment related toxicities are presented in Figures 1-8 . Radiotherapy administered with 100 mg/m 2 cisplatin 3-weekly was linked with statistically significant increase in leukopenia (any grade) in comparison to 35/40 mg/m 2 of cisplatin weekly- Figure 1 ; (88% vs 72.2%; P = .04). Also grade 4 leukopenia occurred more frequently in patients receiving 3-weekly cisplatin. Febrile neutropenia occurred more often in this group (Fig. 5 ), however this difference was not statistically significant (8% vs 3.7%; P = .34).
Grade 3 and 4 mucositis occurred more frequently in patients treated in group A (70% vs 50%; P = .037). The median time of developing grade 3/4 mucositis was 33 days in both groups (Fig. 6) .
There was no difference in acute kidney injury incidence (group A: 46% vs group B: 38.89%; P = .46) and severity between the studied groups (Fig. 8) . The median onset time to acute kidney failure was 16 (mean 15.8) days (group A) and 18 (mean 23) days Figure 1 . Hematological toxicity leukopenia. Regardless of the prophylactic administration of antiemetic drugs (ondansetron and dexamethasone) nausea and vomiting occurred in 70% of patients treated with 3-weekly cisplatin and 51.85% of patients receiving weekly cisplatin (P = .058).
Hypo-or hyperthyroidism was observed in 22.22% of patients in group A and 29.73% treated in group B (P = .5)
Other adverse events like fatigue, electrolyte abnormalities, diarrhea, constipation, elevated aminotransferases, hyperbilirubinemia or deep vein thrombosis were noted in 32% of patients in group A and 31.48% treated in group B (P = .95).
Mortality during treatment occurred in 10 (9.6%) patients (group A: 12% vs group B: 7.41%; P = .42). Death occurred due to complication of stroke, sepsis, hemorrhage from the primary tumor or pulmonary edema.
Supportive medication during chemoradiotherapy
Antibiotics administered due to infection or febrile neutropenia were more frequently applied in patients treated in group A (85.19%) in comparison to group B (76%), however the difference was not statistically significant (P = .23).
In all treated patients the median time to antibiotics administration calculated from the first day of hospitalization was 24.5 days (group A: 26 days vs group B: 24 days; P = .64). The median time of antibiotics use was 10 days (group A: 10 days vs group B: 11 days; P = .059).
The frequency of topically applied antifungal drugs due to oral cavity mycosis or prevention of its occurrence was similar in both groups (A: 94% vs B: 90.74%; P = .53).
In all treated patients the median time to antifungal drugs administration calculated from the first day of hospitalization was 13 days (group A: 14 days vs group B: 13 days; P = .64). The median time of antifungal drugs use was 35 days (group A: 35 days vs group B: 34 days; P = .51).
The frequency of opioids used due to cancer related or treatment related pain (skin and mucous membrane radiation reactions) was similar in both study groups.
Tramadol was administered in 74% (group A) and 79.63% (group B) of patients (P = .49). In all treated patients the median time to tramadol administration calculated from the first day of hospitalization was 9 days (group A: 8 days vs group B: 9.5 days; P = .97).
Strong opioids like oxycodone, morphine, buprenorphine or fentanyl were administered with a similar frequency in both study groups (group A: 70% vs group B 73.58%; P = .68).
In all treated patients the median time to strong opioids administration calculated from the first day of hospitalization was 17 days (group A: 18 days vs group B: 15 days; P = .64).
Discussion
Most of the randomized controlled trials have accepted cisplatin in a dose of 100 mg/m 2 administered every 3 weeks concurrently with radiation as a standard reference regimen in HNSCC patients treated in the definitive and adjuvant setting. However, high toxicity, treatment compliance and additional supportive care lead to modification of this chemotherapy scheme. Moreover, suboptimal compliance with 100 mg/m 2 cisplatin can influence the treatment outcome, resulting in shorter survival. [12] [13] [14] Also the intent of cisplatin scheduling modifications was to increase the cumulative cisplatin dose and consequently the efficacy of combined therapy. Another rationale for administration of lower doses of cisplatin in shorter intervals was to provide radio-sensitizing chemotherapy during a larger proportion of the courses of radiotherapy. [15] The administration of planned chemotherapy dose is very important for the improvement of cancer patients' survival. A recently presented systematic review including 6 definitive chemoradiotherapy phase 3 trials, demonstrated statistically significant association between cumulative cisplatin dose (independent of the schedule) and overall survival benefit observed for higher doses. A 2.2% absolute benefit in OS between the chemoradiotherapy and radiotherapy arm was observed for every 10 mg increase in the cumulative cisplatin dose (range of used cisplatin doses: 140-270 mg/m 2 ). [16] In our study patients treated with weekly cisplatin received lower median cumulative dose of cisplatin, which might have been linked to worse treatment outcomes in this group of patients. Similarly in other studies patients in the weekly cisplatin group received lower median cumulative dose than those in 3-weekly arm. [17, 18] This finding can, to a certain extent, be explained by the reduced compliance of some patients refusing the administration of last or 2 last doses of weekly cisplatin. Moreover, in our study postponement of radiotherapy due to adverse events was more frequent in patients treated with weekly cisplatin. However, the median time of radiotherapy postponement was only 1 day, which probably did not affect treatment efficacy. Mucositis is one of the most common dose-limiting toxicity in both cisplatin dosing schemes (3-weekly and weekly). In our study we observed higher incidence of grade 3 to 4 mucositis in patients receiving 100 mg/m 2 3-weekly than 35/40 mg/m 2 weekly cisplatin (70% vs 50%; P = .037). The so far published results are very inconsistent. Some studies demonstrated higher incidence of grade 3 to 4 mucositis in patients treated in the 3-weekly cisplatin scheme. [19] Other do not show any difference, some demonstrate higher frequency in the weekly cisplatin schedule or a trend towards higher incidence. [20, 21, 17] Our results are consistent with the currently largest study presented by Fayette and colleagues.
One of the arguments for the fractionated doses of cisplatin administered with radiation was higher incidence of grade 3 to 4 neutropenia occurring in about 30% of patients treated with 3-weekly cisplatin schedule compared to 10-15% observed in weekly cisplatin administration. [5, [22] [23] [24] [25] [26] In our study, we did not observe any difference in the incidence of grade 3 to 4 neutropenia. Our data was consistent with other studies demonstrating no difference in hematological toxicities between the 2 comparative arms. [20, 21] However, we observed a significant difference in grade 1 to 4 leukopenia between both arms (88%, 3-weekly vs 72.2%, weekly cisplatin; P = .04), with a trend towards higher incidence in grade 4 leukopenia in patients receiving 3-weekly cisplatin (10% vs 1.85%; P = .07). Grade 4 leukopenia was linked to low lymphocyte count.
Cisplatin is a cytotoxic agent causing nephrotoxicity. Most of the chemoradiotherapy studies conducted in HNSCC demonstrated higher incidence of renal toxicity with 3-weekly than weekly cisplatin. [18, 19, 25] Other studies did not demonstrate any difference. [27] In our study there was no difference in the acute kidney failure, however there was a trend towards higher incidence in the group receiving 3-weekly cisplatin than weekly (46% vs 38.89%; P = .46). Grade 3 acute nephrotoxicity was observed only in 1 patient in each study group. Our results are consistent with another study reporting no statistically significant difference between study arms with a trend towards higher frequency of nephrotoxicity in 3-weekly scheme. [17] To our knowledge this is the first study comparing the use of supportive treatment in patients with HNSCC receiving 3-weekly or weekly cisplatin schedule concurrent with radiotherapy. About 80% of patients receiving chemoradiotherapy required antibiotic administration. In our study, we observed no statistically significant difference in the frequency of antibiotics use between studied groups. However, there was a trend towards more frequent application of antibiotics in patients receiving 100 mg/m 2 of cisplatin (85.19% vs 76%; P = .23). Also in this group, we observed a trend towards a longer median time of antibiotic intake (16.5 vs 12.39 days; P = .08). This observation is linked mainly to a higher frequency of grade 3 or 4 mucositis, skin toxicity and febrile neutropenia in this group.
Treatment related to skin toxicity and mucositis in patients with HNSCC receiving chemoradiotherapy is often related to pain of the radiated area. Pain intensity increases with the severity of these adverse effects. Initially, most of the patients require weak opioids application with subsequent administration of strong opioids when toxicity is higher. Most of the patients require dose escalation of strong opioids during the course of the treatment. The majority of patients participating in our study required tramadol (76.92%) and subsequently strong opioids (71.15%). Most patients required weak opioids application just after the onset of low-grade skin toxicity (median 14 days) and mucositis (12 days). The onset of high-grade skin toxicity and mucositis occurred at a median time of 33 days, and was linked to dose escalation of strong opioids. In some patients, pain was a symptom of cancer occurrence and opioids were also administered in this situation. The median time to tramadol and strong opioids administration was 9 and 17 days respectively. There was no statistically significant difference in time to antibiotics, tramadol or strong opioids administration between studied groups. Also, the study did not show any differences between the study arms in the number of patients taking tramadol and strong opioids. This analysis is very important since antibiotics used during chemoradiotherapy might increase treatment toxicity (e.g., nephrotoxicity, ototoxicity, hematological toxicity). Moreover, antibiotics or opioids might interact with other prescribed drugs causing further toxicity. All this might influence the course of the treatment and subsequently patients' prognosis. These results demonstrated that the selection of chemotherapy schedule (weekly or 3-weekly cisplatin) does not have any influence on frequency of antibiotics or opioids administration and does not affect the duration of treatment with these drugs.
The limitation of this study is the lack of data supporting the efficacy of these 2 treatments. Currently, it is not clear whether radiation delivered with 30 to 40 mg/m 2 of cisplatin weekly is as effective as the standard chemoradiotherapy scheme with 100 mg/m 2 of cisplatin administered 3-weekly in patients with HNSCC. The efficacy of weekly (30-40 mg/m 2 ) in comparison to 3-weekly (100 mg/m 2 ) cisplatin schedule delivered with radiation was evaluated in 5 retrospective and 1 randomized study. These studies demonstrated inconsistent results in terms of treatment outcomes. In 2 adjuvant studies: 1 small, randomized and 1 retrospective, there was no significant difference in survival between the studied groups. [21, 28] Other retrospective study of patients receiving definitive or adjuvant chemoradiotherapy suggested that 100 mg/m 2 of cisplatin resulted in better OS 96:51 Medicine (overall survival) and similar PFS (progression-free survival) compared to weekly cisplatin. However, patients receiving weekly cisplatin were significantly older, which likely had introduced a bias. [17] In another study conducted on a similar group of patients, 100 mg/m 2 of cisplatin resulted in longer PFS and OS on univariate analysis but not on multivariate analysis. [19] Another similar study did not demonstrate a difference in survival between the studied groups. [20] The most recent study on patients with locally advanced HNSCC receiving definitive chemoradiotherapy demonstrated improvement in locoregional control and OS when cisplatin was delivered 3-weekly in comparison to the weekly scheme. [29] The main advantage of our study is an equally distributed and randomized study arms in terms of age, gender, ECOG performance status, chronic diseases, stage of the disease and localization of primary tumor. Other studies included weekly administration of cisplatin to unfit patients and factors such as age, weight loss, kidney failure, performance status and the use of induction chemotherapy were taken into consideration for choosing weekly or 3-weekly cisplatin schedule, which might have introduced a bias. [17, 19] Based on our results, the main difference in patients treated with 3-weekly cisplatin is higher incidence of acute severe mucositis in comparison to the weekly cisplatin schedule. In general, there was no significant difference in severe skin toxicity, acute kidney injury or hematological toxicity. Also, the scheme of cisplatin dosing did not determine the duration of hospitalization, quantities of supportive drugs used or total doses of received radiotherapy. However, patients treated with weekly scheme received lower total cisplatin dose in comparison to those treated in the 3-weekly schedule which might have affected the treatment efficacy. The limitation of this study is the fact that the data presenting overall survival has not been presented. In conclusion, our results did not demonstrate the advantage of weekly cisplatin. Therefore, the standard 3-weekly schedule is probably more appropriate for patients with HNSCC, considering the need and importance of close monitoring, mainly in regards to severe mucositis. However, retrospective comparisons of the efficacy, acute toxicity and compliance of weekly and 3-weekly cisplatin schedules reported conflicting results. [17, 18, 21, 27, 28, 30, 31] Most appropriate cisplatin scheme given concurrently with radiation therapy in patients with HNSCC treated in the adjuvant or definitive setting requires further clarification in randomized, controlled studies.
